EXPERIMENTAL

Plant material
Dried tubers of A. orientale Lot. 517111 were obtained from Ohsugi Pharmaceutical Co., Ltd. Osaka, Japan and used for extracting the essential oil.
Isolation of the volatile oil
Dried tubers of A. orientale 100 g were subjected to hydrodistillation for 3 h using a Likens-Nickerson type apparatus with diethyl ether as the extraction solvent to yield 0. 17 w/w of yellowish oil. This oil was dried over anhydrous sodium sulfate and stored at 4 prior to analysis.
GC-MS
An Agilent 6890N gas chromatography-5973 MSD mass spectrometer was used for the GC-MS analysis. The samples were analyzed using a fused-silica capillary columns, HP-5MS 5 phenyl 95 polydimethylsiloxane, 30 m 0.25 mm i.d., film thickness 0.25 μm and DB-WAX polyethylene glycol, 15 m 0.25 mm i.d., film thickness 0.25 μm . The oven temperature was programmed to increase from 40 to 260 at the rate of 4 /min and held at 260 for 5 min. The flow rate of the carrier gas He was 1.5 mL/min. On the DB-WAX column, the oven temperature was increased from 40 to 240 at the rate of 4 / min and held at 240 for 5 min. The injector and transfer line temperatures were 230 , and the ionization energy was 70 eV. The mass range was 39-450 amu. One μL of the sample was injected, and the split ratio maintained was 1:40.
Sniffing test
A trained panel of sensory evaluation specialists measured the odor intensities of the main aromatic constituents of dried tubers from A. orientale. Twelve panelists, aged 21-26 years 10 males and 2 females, members of Kinki University, Japan , participated in this study. Sensory analysis sessions were performed only after suitable training 30 h . The sniffing test by GC-O was carried out using an Agilent Technologies-6890N gas chromatograph equipped with an Agilent 5973 MSD mass spectrometer and sniffing port ODP2 Olfactory Detector Port 2, Gerstel . The GC instrument was equipped with an HP-5MS column 5 phenyl 95 polydimethylsiloxane, 30 m 0.25 mm i.d., film thickness 0.25 μm . The samples were injected into the GC in splitless mode. The GC eluent from the capillary column was split in a 1:1 v/v ratio between the mass spectrometer and the sniffing port. The oven conditions, injector and transfer line temperatures, carrier gas, flow rate, and ionization mode were the same as those described above for the GC-MS.
AEDA
The results were expressed in terms of the FD factor, which is the ratio of the concentration of the odorant in the initial volatile oil to its concentration in the most diluted volatile oil in which the odor can be still detected by GC-O. The highest sample concentration 1 mg/mL was assigned an FD factor of 1. The volatile oil was diluted stepwise with diethyl ether 1:1, v/v , and aliquots of the dilutions 1 mL were evaluated. The process was stopped when the evaluators detected no aroma for a certain dilution.
RFA
An odorant with a high FD-factor can be considered as an important contributor to the characteristic flavor. Based on the AEDA results, RFA was calculated using the following equation:
RFA log FD-factor 2 n / S 0.5 where 2 n is the FD-factor and S is the weight percentage of a compound 16, 17 .
Identi cation and quanti cation of compounds
The compounds were identified by comparing their Retention indices RIs and mass spectra with the published data 18 26 , digital libraries Mass Finder 4 and NIST02 , and Aroma Office version 3.0 Nishikawa Keisoku Co. Ltd. , which includes 72,120 RI entries of compounds from literature sources. The RIs were calculated using a homologous series of n-alkanes C 5 -C 28 for the HP-5MS column. The quantitative analysis was performed by the internal standard addition method alkanes C 12 and C 19 . The essential oils were diluted 100 using Et 2 O to achieve a 1mL volume, and then 5 μL of C 12 -C 19 solution 1 mg/mL was added to the diluted oil. These prepared samples were subjected to GC-MS and GC-FID determinations. The quantitative analysis of the aroma-active compounds of the essential oil were based on the calibration curves for 2-pentyl furan peak 1 , menthol peak 3 , δ-elemene peak 6 , α-cubebene peak 7 , α-copaene peak 9 , β-elemenee peak 13 , β-caryophyllene peak 15 , γ-elemene peak 17 , γ-muurolene peak 18 , calamenene peak 20 , α-selinene peak 22 , δ-selinene peak 23 , spathulenol peak 30 , γ-eudesmol peak 34 , γ-cadinol peak 36 and β-cadinol peak 40 within the concentration range 0.5-1000 μg/mL. The weight-percent of each compound was calculated with response factors to the FID. The results were calculated as the mean values of the injection of the essential oil without correction factors. All determinations were performed in duplicate and averaged.
RESULTS AND DISCUSSION
In this study, 0.17 w/w yellowish oil with a woody, spicy, and green odor was obtained as the essential oil. Fifty compounds were identified, representing about 94.5 of the oil. In this study, we newly identified further thirty-nine compounds in addition to those identified in a previous study 13, 14 . The identified volatile compositions, along with their concentrations and the RIs on the HP-5MS and DB-WAX columns are listed in Table 1 . Sesquiterpenne with a cadinane skeleton, namely, khusinol peak 37; 36. 2 , is the most abundant compound, followed by δ-elemene peak 6; 12.4
, germacrone peak 19; 4.1 , alismol peak 33; 3.8 , and β-elemene peak 13; 3.1 Fig. 1 . Khusinol has been reported to be the main compound of the essential oils from vetiver 27 . In addition, alismol is an unusual sesquiterpene, which is isolated as a characteristic compound from Alismataceae. It is identified as a compound in the oil from tubers of A. orientale for the first time 28 . Alismol mainly In order to gain insight into the potent odorants contributing to the characteristic aroma of A. orientale, AEDA method was performed through GC-O analysis 31 . The aroma-active compounds and their odor properties are shown in Table 2 . A comparison of the gas chromatogram obtained by GC using an HP-5MS column and the corresponding FD chromatogram of the odor-contributing compounds is shown in Fig. 1 . Based on the FD-factors, it was found that γ-eudesmol peak 34; FD 6, woody is the most intense aroma-active compound among sixteen aroma-active com- pounds detected by AEDA in the essential oil, followed by δ-elemene peak 6; FD 4, woody , γ-cadinol peak 36; FD 5, woody , β-elemene peak 13; FD 5, spicy , and spathulenol peak 30; FD 5, green Fig. 1 . Compounds that are also somewhat involved in the aroma included β-cadinol peak 40; FD 4, woody , calamenene peak 20; FD 4, spicy , and α-copaene peak 9; FD 4, spicy were also involved in the aroma. As a main compound, khusinol was less important among the aroma-active compounds of A. orientale as its FD-factor was not detected. Generally, FD-factors can be considered as an indication of aroma contribution with compounds having a high FD-factor being considered important aroma compounds. However, the high FD-factor of the compounds might be caused by their high content in the oil. They do not always significantly contribute to the aroma because they depend on the compound concentration. Therefore, RFA was calculated which takes into consideration both the FD-factor and the weight percentage of each compound 32 . The RFA values of the aroma-active compounds in A. orientale oil are shown in Table 2 . As shown in Fig. 1 , the RFA value of δ-elemene is not high in spite of its high FD-factor of 4. Consequently, it can be assumed that the high FD-factor of δ-elemene might be due to its high concentration in the sample. α-Copaene, calamenene, spathulenol, γ-eudesmol, and γ-cadinol have a high FD-factor ≥ 4 as well as a high RFA ≥ 1.0 . These compounds are suggested to be the characteristic aroma-active compounds in the oil from A. orientale.
Thus, the highest contribution compounds in the oil were δ -elemene peak 6 ; RFA 0.3 , followed by γ-eudesmol peak 34; RFA 1.5 , and γ-cadinol peak 36; RFA 1.0 . Moreover, β-elemene peak 13; RFA 0.7 and spathulenol peak 30; RFA 1.0 also contributed essentially to the aroma of the oil at some level. As shown in Table  2 , δ-elemene, γ-eudesmol, γ-cadinol, β-elemene, and spathulenol are ascribed woody, spicy, and green aromas, respectively, by the sniffing test Fig. 2 .
To the best of our knowledge, this is the first study that provides data on the key aroma compounds present in the tubers of A. orientale. A total of sixteen aroma-active compounds were determined by the AEDA and RFA methods. Thirty-nine compounds were newly identified in the oil. These results signify that the oil derived from A. orientale deserves further investigations in the phytochemical and medicinal fields. 
